Mixed performance control problems have been the object of much attention lately. These problems allow for capturing different performance specifications without resorting to approximi+ tions or the use of weighting functions. However, up to date most of the work concerning multiobjective control is limited to guaranteeing nominal performance and robust stability. In this paper we analyze robust performance for a class of mixed problems. The main results of the paper furnish sufficient conditions for guaranteeing performance (in the e, sense) under model perturbations having an to & bounded norm. These condition can be combined with previously proposed multiobjective control synthesis techniques to obtain controllers guaranteeing robust performance.
Introduction
Multiobjective control problems have been the object of much attention lately (see [18] for references on recent work on multiobjective control). In particular, 'Hz/'H, mixed control has been extensively investigated since its introduction (see for instance [2, 7 , 10, 111 and references therein). More recently [21, 171 and .11/7i2 control problems have been formulated [20] . Given the difficulty in addressing multiple performance objectives, these papers concentrate on nominal performance / robust stability type designs, i.e. controllers that guarantee stability for a family of plants, while at the same time, achieving optimal performance , 'This work was supported in part by NSF under grants ECS-9211169 and ECS-9625920 Corresponding author.
for the nominal plant.
However, even if the closed-loop system is guaranteed to remain stable for off-nominal conditions, performance can be severely degraded.
This has led to a recent research effort geared towards synthesizing controllers achieving robust performance. Most of this work concentrates on developing analysis tools to assess worst-case performance in the presence of norm-bound model uncertainty, although some partial synthesis results are also available ([14, 131). Moreover, a large portion of this research effort has been directed towards analyzing performance when the exogenous input is a known, given signal. Recent work in this respect includes [14, 4, 5 , 1 1 (see also [8] for the related problem of robust steady-state tracking).
Following along these lines, in this paper we study the problem of robust performance (in the em sense) to a fixed input, when the system is subject to model uncertainty with bounded l2 induced norm. This problem can be though of as a natural extension of the mixed P / R , problem formulated in [15, 161. The main result of the paper provides sufficient conditions for achieving robust performance under these conditions. One of these conditions, given in terms of the spectral radius of a matrix, provides a simple robustness check. The second * condition reduces conservatism, at the price of more involved computations. These results are illustrated with a simple example. In the sequel we derive several conditions guaranteeing mixed P / 7 -t W robust performance. To this effect we begin by introducing the following two lemmas about non-negative matrices. In this section we provide some conditions guaranteering robust performance (in the P sense) against one-block (unstructured), LTV perturbations having bounded L2 -+ L2 induced norm. (11) Now, we are ready to present the main result of this section, providing a less conservative condition for mixed lm/3t, robust performance. Therefore, for all ( E E , llzllt-5 qltllra(w) 5
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Proof: The proof follows immediately by combining Lemma 3.1 and Theorem 3.3.
Example
The following example is taken from [19] . Consider the ACC benchmark problem, where the system has the following state-space realization: ) .
The closed-loop system, with the uncertainty 'pulled out', is shown in Figure 2 . Suppose the In this paper we consider the problem of analyzing robust performance (in the 1-sense) for systems subject to 1 ' -+ 1' norm bounded perturbations. This problem can be considered as a natural extension of the mixed P/R,, nominal performance/robust stability type problem introduced in [15], and it is relevant for cases where some of the performance specifications are given in terms of the response to a fixed, given signal. The main results of the paper provide sufficient conditions guaranteeing robust performance. One of these conditions is given in terms of the spectral radius of a matrix involving different induced norms and can be easily checked.
The second condition reduces conservatism at the price of more involved computations.
These results are illustrated with a simple example taken from the literature. This example shows that although the proposed conditions are only sufficient, they provide results that are less conservative than those obtained via a worst-case input analysis, such as p-synthesis or el-theory.
The results provided here are a first step towards the goal of synthesizing multiobjective robust controllers. These controllers could be obtained for instance by combining the spectralradius based condition with standard similarity scaling and some of the techniques available for optimizing nominal performance. Research in this direction is currently being pursued.
